Introduction {#s1}
============

Muscle-invasive bladder cancer (MIBC) is an advanced disease with aggressive properties and high mortality.[@R1] Clinical guidelines have established radical cystectomy (RC) as the mainstay of treatment for MIBC, and recommended cisplatin-based neoadjuvant chemotherapy (NACT) for eligible patients to improve prognosis.[@R2] Theoretically, the efficacy of adjuvant chemotherapy (ACT) should be comparable with NACT, but substantial adverse reaction, chemotherapeutic resistance and deteriorated condition of patients with MIBC limited the implementation of ACT practically.[@R3] Considering guidelines' acceptance of cisplatin-based ACT under conditions of NACT absence and the low ratio of worldwide NACT application in MIBC,[@R2] further analyses for identifying responders to ACT is clinically needed to guide the individualized approach to chemotherapy.

Recently, advances in characterization of molecular-profiling and immune-profiling show potential to remodel the paradigm of MIBC treatment. Molecular-profiling of MIBC has screened several novel therapeutic targets, including fibroblast growth factor 3 (FGFR3, BLC2001 trial) and epidermal growth factor receptor (EGFR, BL-2007--02 trial), which are overexpressed in tumors and confer poor survival outcome.[@R5] Besides, reported as an immunogenic malignancy, MIBC can response durably to immune checkpoint blockade (ICB).[@R7] Continuing clinical trials are evaluating prospects of ICB targeting programmed cell death-1 (PD-1)-programmed death-ligand 1 (PD-L1) axis and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) as first-line treatment for advanced bladder cancer. Although assessment of immuno-oncology and immune microenvironment are developing in full swing, researches concentrating on investigating immune checkpoints (ICKs) expression in MIBC remain scarce. Lymphocyte activation gene 3 (LAG-3) is identified as a possible target of ICB, and its clinical significance in MIBC is unexplored.

As a transmembrane protein discovered in 1990, LAG-3 is expressed on activated T cells and natural killer cells.[@R8] Many preclinic studies have confirmed that LAG-3 signaling led to cytotoxic CD8^+^ T cells exhaustion, and LAG-3 blockade can synergize with PD-1/PD-L1 therapy to reinvigorate antitumor immunity.[@R10] However, the prognostic value of LAG-3^+^ cells remains inconsistent in different types of cancer. In breast cancer and ovarian cancer, LAG-3^+^ cells abundance indicated improved prognosis and might be the counterbalance reaction to the ongoing antitumor T-cell immunity.[@R11] Inversely, LAG-3^+^ cells infiltration was associated with poor survival in non-small cell lung cancer,[@R13] representing an immunosuppressive landscape. Herein, our purpose was to elucidate the prognostic significance of LAG-3^+^ cells and its relationship with ACT benefit and immune contexture in MIBC. Meanwhile, the association of LAG-3 mRNA expression with molecular subtypes and targeted therapy was studied based on The Cancer Genome Atlas (TCGA). Our results first illustrated that the multiple clinical value of LAG-3^+^ cells could possibly usher personalized treatment for MIBC.

Materials and methods {#s2}
=====================

Study population and mRNA data {#s2-1}
------------------------------

This study enrolled 215 patients treated with RC from Zhongshan Hospital cohort (ZSHC, surgery date: 2002--2014) of Fudan University. Formalin-fixed paraffin-embedded samples of ZSHC were sectioned by tissue microarray (TMA) technology. Seventy-four patients were excluded according to the following criteria: 1) informed consent; 2) accessible for complete clinical and prognostic data; 3) diagnosed as MIBC (73 excluded: 13 non-urothelial carcinoma, 60 pathological Ta/Tis/T1); 4) without other therapies besides cisplatin-based ACT and RC; 5) no detachment in TMA (1 excluded). Follow-up information was collected routinely according to guidelines until July 2016.[@R2] The clinical-pathological characteristics of 141 patients with MIBC are presented in [table 1](#T1){ref-type="table"}.

###### 

Association of iLAG-3^+^ cells and sLAG-3^+^ cells with clinicopathological parameters

  Parameters              Patients         sLAG-3^+^ cells infiltration   iLAG-3^+^ cells infiltration                                               
  ----------------------- ---------------- ------------------------------ ------------------------------ ---- ---------------- ---------------- ---- --------
  Age at surgery (year)                                                                                       0.195†                                 0.678†
   Median (IQR)           62.0 (56--71)    61.5 (54--72)                  64.0 (58--71)                       62.0 (56--72)    62.5 (56--69)         
  Gender                                                                                                      0.191                                  0.248
   Male                   117              83                             61                             56                    58               59   
   Female                 24               17                             9                              15                    15               9    
  Tumor size (cm)                                                                                             0.291†                                 0.431†
   Median (IQR)           3.5 (2.5--5.0)   4.0 (2.3--6.0)                 3.5 (2.5--4.0)                      3.0 (2.5--5.0)   4.0 (2.5--5.0)        
  AJCC stage                                                                                                  **0.002**                              0.679
   II                     87               61.7                           53                             34                    45               42   
   III                    46               32.6                           16                             30                    25               21   
   IV                     8                5.7                            1                              7                     3                5    
  pT stage                                                                                                    **0.014**                              0.170
   pT2                    90               63.8                           53                             37                    47               43   
   pT3                    30               21.3                           10                             20                    12               18   
   pT4                    21               14.9                           7                              14                    14               7    
  pN stage                                                                                                    0.063                                  0.482
   pN0                    133              94.3                           69                             64                    70               63   
   pN+                    8                5.7                            1                              7                     3                5    
  Grade                                                                                                       0.067                                  0.480
   Low                    24               17                             16                             8                     14               10   
   High                   117              83                             54                             63                    59               58   
  LVI                                                                                                         0.070                                  0.978
   Absent                 52               36.9                           31                             21                    27               25   
   Present                89               63.1                           39                             50                    46               43   
  ACT                                                                                                         0.447                                  0.359
   Applied                69               48.9                           32                             37                    33               36   
   Not applied            72               51.1                           38                             34                    40               32   

Tumor stage was updated according to AJCC 2017 classification.

\*P value from Fisher's exact test was used when data fail to meet the requirement of χ^2^ test; significant p value \< 0.05 was shown in bold.

†Mann-Whitney U test.

ACT, adjuvant chemotherapy; AJCC, American Joint Committee on Cancer; HPF, high-power field; iLAG-3^+^, intraepithelial LAG-3^+^; LVI, lymphovascular invasion; sLAG-3^+^, stromal LAG-3^+^.

The mRNA sequencing data of bladder cancer (BLCA) in TCGA was downloaded from <http://www.cbioportal.org/> in May 2018. The molecular subtype information of patients was derived using R package *BLCAsubtyping* (<https://github.com/cit-bioinfo/BLCAsubtyping>). Twenty-one patients were excluded for consistence: 7 patients without survival data or sequencing data, 4 patients with pathological non-MIBC and 10 patients with NACT application. The RNA-seq data were obtained as Fragments Per Kilobase of transcript per Million mapped reads (FPKM), and the mRNA expression of 391 patients with MIBC from TCGA were normalized by the formula log~2~(FPKM+1) before analyses. The involved signatures were defined from previous studies and scored as the average of related genes expression ([online supplementary table 1](#SP1){ref-type="supplementary-material"}).
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Assay methods {#s2-2}
-------------

Single and double immunohistochemical (IHC) staining were carried out according to the protocols as detailed previously.[@R14] Digitally scanned with NanoZoomer-XR (Hamamatsu) and image Pro Plus 6.0, TMA sections were independently reviewed by two pathologists who were blinded to clinical information. The density of LAG-3^+^ cells and other immune cells were evaluated as the mean of cells infiltration in six representative fields (each pathologist with three fields). The specific information and representative images of identified immune cells are illustrated in [online supplementary table 2](#SP1){ref-type="supplementary-material"} and [online supplementary figure 1](#SP2){ref-type="supplementary-material"}, respectively. As the distribution of LAG-3^+^ cells in the tumor bed showed significant difference, pathologists separately counted intraepithelial and stromal LAG-3^+^ cells number under high-power (400×) magnification filed (HPF). Stromal LAG-3^+^ cells (sLAG-3^+^ cells) were evaluated as positive cells not directly interacted with the tumor nests, whereas intraepithelial LAG-3^+^ cells (iLAG-3^+^ cells) were counterparts located within the tumor nests with no intervening stroma. Total tumor-infiltrating LAG-3^+^ cells count was defined as the sum of stromal and intraepithelial compartments. The intraclass correlation between the two pathologists' evaluations for tumor-infiltrating LAG-3^+^ cells, iLAG-3^+^ cells and sLAG-3^+^ cells from the same slide were 0.931 (95% CI: 0.895 to 0.952, p\<0.001), 0.858 (95% CI: 0.793 to 0.905, p\<0.001) and 0.938 (95% CI: 0.903 to 0.961, p\<0.001), respectively. Any positive infiltration (≥1 cells/HPF) was applied to define positive and negative iLAG-3^+^ cells infiltration, and commonly used median value (tumor-infiltrating LAG-3^+^ cells: 11.67 cells/HPF; sLAG-3^+^ cells: 10 cells/HPF) was applied to dichotomize population as low and high subgroup.
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Fresh resected tumor tissues of 32 patients with MIBC were obtained from Zhongshan Hospital, Fudan University Shanghai Cancer Center, Ruijin Hospital and Shanghai General Hospital. Collected surgical tumor tissues were digested into single-cell suspension with collagenase V (Sigma), and then incubated with RBC lysis buffer (BD). After FVS510 (BD) was applied to identify alive cells, cell suspensions were incubated with Fc block (BD). Next, isolated cells were stained with membrane markers (CD45-ApcCy7-conjugated, CD8-BB515-conjugated, PD-1-AF647-conjugated, T-cell immunoglobulin mucin-3 \[TIM-3\]-PE-conjugated (BD); LAG-3-BV785-conjugated, CTLA-4-BV605-conjugated (Biolegend) and T cell immunoreceptor with Ig and ITIM domains \[TIGIT\]-AF700-conjugated (R&D) antibodies) for 40 min at 4°C. After cells were fixed by Fixation/Permeabilization Kit (BD) or Transcription Factor Buffer Set (BD) according to manufacturer's protocol, IFN-γ-PeCy7-conjugated, Granzyme B (GZMB)-AF647-conjugated, PRF-1-PE-conjugated (BD) and Ki-67-AF700-conjugated (Biolegend) antibodies were used for further staining. Stained cells were resuspended in cell staining buffer, tested on BD FACSCelesta and then analyzed via FlowJo V.10.0.7 (Tree Star). After cells were gated according to negative control (Fluorescence Minus One \[FMO\] and isotype control), the cut-off of low/high LAG-3^+^ cells subgroups was determined by median value (21.2%, LAG-3^+^ cells/all cells). Representative images of cell subsets involved in this study are presented in [online supplementary figure 2](#SP2){ref-type="supplementary-material"}.

Statistical analyses {#s2-3}
--------------------

Data were presented as median and IQR. Non-parametric two-way tests were applied for continuous variables, and specific statistical tests are detailed in figure legends. The 5-year overall survival (OS) and disease-free survival (DFS) were estimated by the Kaplan-Meier method. The survival curves were constructed to compare subgroups in terms of clinical outcomes, and were detected by log-rank test. Univariate and multivariate Cox regression models were established to evaluate the impact of covariate on prognosis and the interaction between covariates. The statistical analyses were performed using IBM SPSS Statistics V.25.0 for windows (SPSS, Chicago, Illinois, USA), and two-sided p\<0.05 was regarded as statistically significant.

Results {#s3}
=======

Stromal LAG-3^+^ cells enrichment indicates poor clinical outcomes in patients with MIBC {#s3-1}
----------------------------------------------------------------------------------------

In MIBC, CD8^+^ T cells and CD4^+^ T cells are the main cellular source of the LAG-3 ([online supplementary figure 3A](#SP2){ref-type="supplementary-material"}). LAG-3^+^ cells distribution was evaluated on TMA using IHC (representative stained images are illustrated in [online supplementary figure 3B](#SP2){ref-type="supplementary-material"}). Compared with intraepithelial area, LAG-3^+^ cells infiltration was more intensive in the stroma ([online supplementary figure 3C](#SP2){ref-type="supplementary-material"}). The detailed association of sLAG-3^+^ cells and iLAG-3^+^ cells with patients' characteristics are listed in [table 1](#T1){ref-type="table"} and [online supplementary figure 3D](#SP2){ref-type="supplementary-material"}, which demonstrate that sLAG-3^+^ cells abundance was significantly correlated with inferior clinical features. To further elucidate the clinical significance of LAG-3^+^ cells, we applied Kaplan-Meier analyses to compare prognosis of patients stratified by iLAG-3^+^/sLAG-3^+^ cells infiltration. The 5-year OS and DFS of ZSHC were 61.2% and 49.7%, respectively. Five-year OS and DFS were 61.0% and 57.4% for iLAG-3-negative tumors vs 61.2% and 41.8% for iLAG-3-positive tumors, respectively (OS: p*=*0.508, DFS: p*=*0.224; [figure 1A](#F1){ref-type="fig"}). Notably, 5-year OS and DFS were 77.1% and 60.2% for sLAG-3-low tumors vs 44.6% and 39.2% for sLAG-3-high tumors (OS: p*=*0.001, DFS: p*=*0.004; [figure 1B](#F1){ref-type="fig"}). Consistent with above results, univariate and multivariate Cox analyses revealed tumor-infiltrating LAG-3^+^ cells infiltration and sLAG-3^+^ cells infiltration were independent prognosticators for worse OS and DFS after adjustment for tumor size, stage, grade and lymphovascular invasion as confounders ([online supplementary tables 3-5](#SP1){ref-type="supplementary-material"}).

![Association of intraepithelial LAG-3^+^ (iLAG-3^+^) cells and stromal LAG-3^+^ (sLAG-3^+^) cells with clinical outcome. (A--B) Kaplan-Meier analyses of overall survival (OS) (left) and disease-free survival (DFS) (right) of 141 patients with muscle-invasive bladder cancer (MIBC) stratified according to iLAG-3^+^ cells infiltration (A) and to sLAG-3^+^ cells infiltration (B). Data were analyzed by log-rank test.](jitc-2020-000651f01){#F1}

Stromal LAG-3^+^ cells enrichment yields suboptimal ACT responsiveness in patients with MIBC {#s3-2}
--------------------------------------------------------------------------------------------

As presented in [figure 2A](#F2){ref-type="fig"}, patients with MIBC who received adjuvant cisplatin-based chemotherapy failed to gain significant survival benefit in ZSHC (OS: p*=*0.305, DFS: p*=*0.175). To explore whether sLAG-3^+^ cells infiltration was associated with responsiveness to ACT, we compared the prognosis of patients stratified by ACT application in different sLAG-3^+^ cells infiltration subgroup. Intriguingly, patients treated with ACT showed a superior OS and DFS only in sLAG-3^+^ cells-low subgroup (p*=*0.033, p*=*0.004, respectively; [figure 2B](#F2){ref-type="fig"}). Meanwhile, analyses for the interaction between biomarkers and ACT responsiveness indicated that benefit from ACT could be predicted by sLAG-3^+^ cells infiltration (OS: p*=*0.014, DFS: p*=*0.027) but not iLAG-3^+^ cells infiltration (OS: p*=*0.886, DFS: p*=*0.795) or tumor-infiltrating LAG-3^+^ cells infiltration (OS: p*=*0.136, DFS: p*=*0.115; [online supplementary table 6](#SP1){ref-type="supplementary-material"}). Collectively, these results suggested low sLAG-3^+^ cells infiltration as an indicator for ACT application in MIBC, and implied that sLAG-3^+^ cells enrichment potentially impeded ACT responsiveness.

![Relationship between stromal LAG-3^+^ (sLAG-3^+^) cells and adjuvant chemotherapy (ACT) responsiveness. (A--B) Kaplan-Meier analyses of overall survival (OS) (left) and disease-free survival (DFS) (right) of 141 patients with muscle-invasive bladder cancer (MIBC) stratified according to ACT application (A) and to the combination of ACT application and sLAG-3^+^ cells infiltration (B). Data were analyzed by log-rank test.](jitc-2020-000651f02){#F2}

Stromal LAG-3^+^ cells enrichment identifies immunoevasive contexture in patients with MIBC {#s3-3}
-------------------------------------------------------------------------------------------

Since tumor immune microenvironment (TIME) was correlated with survival outcomes and therapeutic responsiveness,[@R16] as verified in our previous researches,[@R18] we explored the impact of sLAG-3^+^ cells on immune contexture in MIBC. Previously, we also revealed that immune classification (immunotype A/B) based on five immune cells infiltration identified immunoevasive subtype of MIBC.[@R21] After evaluating the association of sLAG-3^+^ cells infiltration with 15 immune cell types in ZSHC ([figure 3A](#F3){ref-type="fig"}, [online supplementary figure 4A](#SP2){ref-type="supplementary-material"}), we found that patients with high sLAG-3^+^ cells infiltration possessed a higher level of immune cells infiltration ([figure 3A](#F3){ref-type="fig"}), and significantly presented immunotype B phenotype ([figure 3B](#F3){ref-type="fig"}). Moreover, tumors with high sLAG-3^+^ cells infiltration showed protumor cells abundance (regulatory T cells: p*=*0.002, T-helper 2: p*=*0.001, M2: p*=*0.027, mast cells: p*=*0.023; [figure 3C](#F3){ref-type="fig"}),[@R19] which conformed with the immunoevasive microenvironment marked by immunotype B classification. Meanwhile, recent studies consider that interleukin (IL)-10 and transforming growth factor (TGF)-β as immunosuppressive cytokines are underlying mechanisms of immunoevasion.[@R24] Our results pointed that IL-10^+^ and TGF-β^+^ cells were highly infiltrated in sLAG-3^+^ cells-high subgroup (p*=*0.020, p*\<*0.001, respectively; [figure 3D](#F3){ref-type="fig"}, [online supplementary figure 4B](#SP2){ref-type="supplementary-material"}). Moreover, patients with high sLAG-3^+^ cells significantly possessed more other ICK-positive cells infiltration (PD-1: p*=*0.003, PD-L1: p*\<*0.001, CTLA-4: p*=*0.004, TIM-3: p*\<*0.001, TIGIT: p*=*0.001; [figure 3E](#F3){ref-type="fig"}, [online supplementary figure 5A-C](#SP2){ref-type="supplementary-material"}). Together, our data indicated that sLAG-3^+^ cells enrichment remodeled TIME characterized by overexpressed immunoevasive cells and cytokines, which might promote adverse prognosis and suboptimal ACT benefit in MIBC.

![Identification of immunoevasive contexture based on stromal LAG-3^+^ (sLAG-3^+^) cells enrichment. (A) Heatmap showing Spearman's correlation analyses of immune cells with sLAG-3^+^ cells infiltration (n*=*141). (B) Association of immunotype A/B with sLAG-3^+^ cells infiltration level (n*=*140). Data were analyzed by χ^2^ test. (C--E) Quantification analyses of immunoevasive cells (C), cytokines (D) and immune checkpoints (E) between low/high sLAG-3^+^ cells infiltration subgroup (n*=*141). Data were analyzed by Mann-Whiney U test, and presented as median and IQR. \*P\<0.05, \*\*p\<0.01, \*\*\*p\<0.001.](jitc-2020-000651f03){#F3}

Stromal LAG-3^+^ cells enrichment shapes CD8^+^ T cells dysfunction in MIBC {#s3-4}
---------------------------------------------------------------------------

As shown in [figures 3A and 4A](#F3 F4){ref-type="fig"}, patients with sLAG-3^+^ cells enrichment contained more CD8^+^ T cells infiltration (p=0.004), which was commonly considered as a prognosticator for better OS.[@R26] To reconcile why sLAG-3^+^ cells-high subgroup possessed inferior outcomes and immunoevasive contexture despite CD8^+^ T cells abundance, we analyzed the OS of patients stratified by CD8^+^ T cells infiltration in different sLAG-3^+^ cells infiltration subgroup. Interestingly, patients with low sLAG-3^+^ cells infiltration gained survival benefit from CD8^+^ T cells abundance (p=0.003, [figure 4B](#F4){ref-type="fig"}). However, accumulated CD8^+^ T cells failed to improve patients' survival in sLAG-3^+^ cells-high subgroup (p=0.327, [figure 4B](#F4){ref-type="fig"}), implying that sLAG-3^+^ cells enrichment was associated with CD8^+^ T cells dysfunction. We further conducted flow cytometry (FCM) analyses using 32 fresh resected samples to investigate the functional state of CD8^+^ T cells in patients with MIBC. LAG-3^+^ cells were basically CD45^+^ immune cells ([online supplementary figure 2A](#SP2){ref-type="supplementary-material"}), which conformed to the previous studies. Results confirmed that CD8^+^ T cells infiltrated in LAG-3^+^ cells-high subgroup presented exhausted phenotype with decreased cytotoxicity (interferon (IFN)-γ: p*=*0.021, GZMB: p*\<*0.001; [figure 4C](#F4){ref-type="fig"}) and elevated expression of ICKs (PD-1: p*=*0.008, CTLA-4: p*=*0.001, TIM-3: p*=*0.007, [figure 4D](#F4){ref-type="fig"}; LAG-3: p*=*0.004, TIGIT: p*\<*0.001, [online supplementary figure 6A](#SP2){ref-type="supplementary-material"}). The multi-index markers analyses further illustrated the positive association of LAG-3 with CD8^+^ T cells exhaustion in MIBC ([online supplementary figure 6B](#SP2){ref-type="supplementary-material"}). Consequently, these observations illustrated that sLAG-3^+^ cells shaped CD8^+^ T cells dysfunction, possibly through the immunoevasive contexture or LAG-3-mediated inhibitory signals.[@R10]

![Characterization of CD8^+^ T cells function based on lymphocyte activation gene 3 (LAG-3)^+^ cells infiltration. (A) Quantification analyses of CD8^+^ T cells between low/high stromal LAG-3^+^ (sLAG-3^+^) cells infiltration subgroup (n*=*141). Data were analyzed by Mann-Whiney U test, and presented as median and IQR. (B) Kaplan-Meier analyses of OS according to CD8^+^ T cells infiltration in low (left, n*=*70) and high (right, n*=*71) sLAG-3^+^ cells infiltration subgroup. Data were analyzed by log-rank test. (C--D) Flow cytometric analyses of cytotoxic/proliferative profile (C) and exhausted profile (D) of CD45^+^CD8^+^ T cells between low/high LAG-3^+^ cells infiltration subgroup (n*=*32). Data were analyzed by Mann-Whiney U test, and presented as median and IQR. \*P\<0.05, \*\*p\<0.01, \*\*\*p\<0.001. 'n.s.', not significant.](jitc-2020-000651f04){#F4}

Association of LAG-3 expression with molecular subtypes in patients with MIBC {#s3-5}
-----------------------------------------------------------------------------

Growing studies demonstrated that molecular features of MIBC provided a promising avenue for prognostic stratification and personalized therapy.[@R27] Remarkably, we found that LAG-3 mRNA in TCGA-BLCA cohort was differentially expressed in molecular subtypes across five classification systems, and LAG-3 mRNA was highly accumulated in basal subtype of MIBC consistently ([figure 5A](#F5){ref-type="fig"}, [online supplementary figure 7](#SP2){ref-type="supplementary-material"}). Furthermore, we defined signatures of molecular feature to validate the association between LAG-3 mRNA expression and molecular subtype. Likewise, we applied median value of LAG-3 mRNA expression to determine LAG-3-low and LAG-3-high tumors. Patients with high LAG-3 expression contained elevated basal and p53-like signature score, yet decreased luminal signature score (p\<0.001, p=0.012, p\<0.001, respectively; [figure 5B](#F5){ref-type="fig"}). Considering that various molecular subtypes have distinct genomic alterations and potential therapeutic strategy,[@R28] we further focused on profiles of key MIBC gene mutations and therapy-associated signatures between different LAG-3 expression subgroup. As characteristics of basal subtype, abundant TP53 and RB1 gene mutations were observed in LAG-3-high tumors (p\<0.001, p=0.017, respectively; [figure 5C](#F5){ref-type="fig"}). In compatible with above findings, cell cycle pathway and proliferation signature score were higher in LAG-3-high tumors (p\<0.001, p\<0.001, respectively; [figure 5D](#F5){ref-type="fig"}). Also, FGFR3 gene mutations were strongly enriched in LAG-3-low tumors, which agreed with features of luminal subtype (p\<0.001, [figure 5C](#F5){ref-type="fig"}). Additionally, LAG-3-low tumors presented high level of FGFR3 activation and FGFR3-coexpressed genes signature score (p\<0.001, p\<0.001, respectively; [figure 5E](#F5){ref-type="fig"}), which might be sensitive to FGFR3-targeted therapies. The EGFR signature, ICKs and antigen-presenting signature were significantly activated in LAG-3-high tumors (EGFR signaling: p\<0.001, EGFR ligands: p\<0.001, ICKs: p\<0.001, antigen-presenting: p\<0.001; [figure 5E](#F5){ref-type="fig"}), suggesting that EGFR-targeted drugs and immunotherapy are worth exploring in LAG-3-high patients. Cumulatively, our results reflected that LAG-3 mRNA expression was associated with luminal and basal subtypes of MIBC, and LAG-3 expression could possibly be a companion biomarker for individualized targeted therapies.

![Features of molecular subtypes based on lymphocyte activation gene 3 (LAG-3) gene expression. (A) Quantification analyses of normalized LAG-3 mRNA expression in TCGA-BLCA database across molecular classification systems (n*=*391). Data were analyzed by Kruskal-Wallis H test (Consensus/MDA classification) and Mann-Whiney U test (UNC classification), and presented as median and IQR. (B) Quantification analyses of molecular subtype signatures between low/high LAG-3 mRNA expression subgroup (n*=*391). Data were analyzed by Mann-Whiney U test, and presented as median and IQR. (C) Association of genes mutation frequency with LAG-3 mRNA expression level (n*=*391). Data were analyzed by χ^2^ test. (D--E) Quantification analyses of cell cycle-associated (D) and therapy-associated (E) gene signatures between low/high LAG-3 mRNA expression subgroup (n*=*391). Data were analyzed by Mann-Whiney U test, and presented as median and IQR. \*P\<0.05, \*\*p\<0.01, \*\*\*p\<0.001.](jitc-2020-000651f05){#F5}

Discussion {#s4}
==========

In this work, we reported that sLAG-3^+^ cells were associated with adverse outcomes and chemotherapeutic resistance. In contrast, iLAG-3^+^ cells infiltrated fewer in tumors and failed to be a prognosticator in MIBC. Expanding researches pointed that tumor immune-profiling and immune contexture inevitably touched the prognosis and therapeutic efficacy of patients,[@R16] which was certified previously in our studies.[@R18] Current findings revealed that LAG-3 expressed on CD8^+^ T cells negatively regulated T cells cytotoxicity and activation, and LAG-3 expressed on CD4^+^ T cells reshaped its phenotype to trigger an immunosuppressive function,[@R10] supporting our observation that sLAG-3^+^ cells marked an immunoevasive microenvironment with CD8^+^ T cells dysfunction. Therefore, the poor survival and ACT resistance in sLAG-3^+^ cells-high subgroup were reasonable, reflecting the interaction between cancer and immune system. Additionally, ACT in combination with LAG-3 blockade could be investigated in further researches of MIBC.

Currently, ICB therapy showed a confirmed promising efficacy in advanced bladder cancer, by restoring and boosting antitumor immune response to conquer tumor escape. However, only a small proportion of patients with MIBC obtained durable remission from ICB therapy in clinical trials (nivolumab: 19.6%, atezolizumab: 13.4%),[@R29] uncovering that a future emphasis on ICB therapy is to find combination-based strategies to optimize effectiveness. Given its significant role in T cells exhaustion, LAG-3 has been evaluated as a potential ICB target in malignancies and autoimmune diseases.[@R10] Our preclinical data based on samples of patients with MIBC demonstrated LAG-3^+^ cells infiltration was strongly correlated with CD8^+^ T cells dysfunction and ICK expression (PD-1/PD-L1/CTLA-4), supporting further evaluation of LAG-3 targeted agent for single or combined ICB therapy in clinical trials of bladder cancer.

The molecular features of MIBC were gradually unveiled and reached a consensus,[@R30] which could unmask tumor biological properties and guide therapeutic options. We discovered that basal subtype was enriched in LAG-3 mRNA-high tumors, which was characterized with EGFR signaling activation and immunotherapeutic indication. Meanwhile, the mutation of TP53 gene and TP53-related cell proliferation pathway were upregulated in LAG-3 mRNA-high tumors, which could promote tumor progression and chemotherapeutic resistance.[@R32] Moreover, tumors with low LAG-3 expression presented luminal subtype with potential FGFR3-targeted efficacy. The association between LAG-3 expression and molecular subtypes shaped a novel direction of individualized treatment, suggesting LAG-3 expression abundance as a companion biomarker for application of immunotherapy and EGFR-targeted approach, and yet resistance to FGFR3-targeted therapy. However, verification of above findings at the cellular level and LAG-3 blockade combined with targeted therapies warrant further investigation.

Conclusion {#s5}
==========

In summary, this study reported that sLAG-3^+^ cells abundance was an independent predictor for inferior prognosis and ACT resistance, and explicated the role of sLAG-3^+^ cells in immunoevasive contexture with CD8^+^ T cells dysfunction in MIBC. Molecular features of LAG-3-high tumors implied guiding significance of LAG-3 expression in personalized approaches to immunotherapy, EGFR-targeted therapy and FGFR3-targeted therapy. We recommended that future researches could focus on LAG-3^+^ cells infiltration as a biomarker in the therapeutic landscape of MIBC, and its potential as a clinical target for monotherapy and combined therapy.
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